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PREFACE

This Is one of a series of reports prepared as part of the San Juan 

Basin Regional Uranium Study, which is under the leadership of the Bureau of 

Indian Affairs (BIA). The reports were used as source of material in the 

preparation of the Regional Study, which is available for public examination 

at BIA offices in Albuquerque, New Mexico, and Washington, B.C.

The reports listed below are a part of the series that was prepared 

by the U.S. Geological Survey* These reports have been open filed by the 

Survey and can be examined by the public at the Survey offices in Denver, 

Colorado; Albuquerque, New Mexico; and Reston, Virginia.
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CONVERSION FACTORS

The inch-pound system of units is used in this report. 

For readers who prefer the International System of units 

(SI), conversion factors for the terms used in this report 

are listed below. Chemical concentrations are given in mg/L 

(milligrams per liter), or yg/L (micrograms per liter), 

which are (within the range of values presented) numerically 

equal to parts per million, or parts per billion, respec 

tively. Specific conductance is expressed as ymhos/cm 

(micromhos per centimeter at 25 degrees Celsius). Radio- 

chemical data are expressed in pCi/L (picocuries per liter).

Multiply Inch-Pound Unit

4.047 X ID'3 
1.234 X 103 
1.234 X 103

acre
acre-ft (acre-foot)
acre-ft/yr (acre-foot per 

year)
[ (acre-ft/mi2 ) /yr ] (acre- 
foot per square mile 
per year)

ft (foot)
ft2/d (foot squared per 

day)
ft3/s (cubic foot per 

second)
[(ft3/s)/mi2 ] (cubic foot per 1.093 X HT2 
second per square mile)

4.762 X 102

3.048 X 10" 1 
9.290 X lO-2

2.832 X 10~2

gal/min (gallon per minute) 
[ (gal/min)/ft] (gallon per
minute per foot) 

Mgal/d (million gallon per
day)

in. (inch) 
mi (mile) 
mi2 (square mile) 
ton/d (ton per day)

6.309 X ID"2 
2.070 X 10" 1

4.381 X ID-*

2.540 X 10
1.609
2.590
9.072 X 10"*1

To Obtain SI Unit

km2 (square kilometer) 
m3 (cubic meter)- 
m3/yr (cubic meter per

year) 
[ (m3/km2 ) /yr ] (cubic
meter per square
kilometer per year) 

m (meter) 
m2/d (meter squared per

day) 
m3/s (cubic meter per

second) 
[(m3/s)/km2 ] (cubic meter
per second per square
kilometer)

I/s (liter per second) 
[(L/s)/m] (liter per second
per meter) 

m3/s (cubic meter per
second)

mm (millimeter) 
km (kilometer) 
km2 (square kilometer) 
t/d (tonne per day)

iv



ton/yr (ton per year) 9.072 X 10 -1 t/yr (tonne per year) 
[ (ton/mi2 )/yr] (ton per 3.503 X 10 ~l [ (t/km2)/yr] (tonne per 
square mile per year) square kilometer per

year)

Temperature Conversion

Conversion of degrees Celsius (°C) to degrees Fahren 

heit (°F) is based on the equation, F = (1.8) (°C) + 32.



SURFACE-WATER ENVIRONMENT IN THE AREA OF THE SAN JUAN BASIN

REGIONAL URANIUM STUDY OF 

NEW MEXICO, COLORADO, ARIZONA, AND UTAH, 

By Mark W. Busby

ABSTRACT

Streamflows in the lowland areas of the San Juan Basin are highly variable, 

responding to short-duration, high-intensity thunderstorms occurring in the late 

spring and summer. The thunderstorms can cause floods of large magnitude, 

but of localized extent. Most streams of the lowlands are ephemeral or intermittent,

Streams of the high mountain areas are much less variable. Most of their 

flow is from snowmelt, which results in low-intensity flood peaks with long, gradual 

recessions. Most large mountain streams are perennial.

Small ephemeral lakes and ponds in the low-lying areas have little effect 

on flood flows. Larger reservoirs in the basin have varying effects on flows of 

rivers, ranging from complete flow control to minor regulation.

The streams of the low-lying areas are high in dissolved solids content. 

Sodium, bicarbonate, and sulfate are the predominant ions. The quality of the 

water varies during a single-flow event and season-ally. Streams in the mountains 

are low in dissolved solids content.

Radiochemical constituents are fairly low in most of the natural streamflow, 

but concentrations are higher than in streams outside of the basin.



Sediment yield of the drainages in the low areas of the basin 

range from large to very large when compared to drainages of humid 

areas. Badlands in the basin contribute from 10 to 100 times as much 

sediment as non-badland areas.



INTRODUCTION

Growth of energy-related development in the Four 

Corners area of New Mexico, Colorado, Utah, and Arizona, is 

placing an ever-increasing strain on water resources. 

Because the area is mostly semiarid, only a limited supply 

of water is available for the various and often competing 

demands. Projections indicate that if full uranium, coal, 

oil, and gas development takes place and the agricultural 

development continues, the demand for water will exceed 

the available supplies by the year 2000.
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FIGURE K- -Location of the San Juan Basin.



DESCRIPTION OF AREA

San Juan Basin (fig. 1) is defined for this study is 

bounded by the San Juan Mountains to the north, the Nacimiento 

Uplift and Rio Grande Rift to the east, the Zuni Mountains 

and high country paralleling Interstate 40 on the south, and 

the Chuska Mountains on the west. These boundaries correspond

to those used for the San Juan Basin Regional Uranium Study.

2 The 20,000 mi area includes almost all the San Juan River

drainage basin and parts of the Little Colorado River and 

Rio Grande drainage basins.



STREAMS IN THE STUDY AREA

The study area include drainage of both the Rio Grande 

and the Colorado River systems, along and near the Continental 

Divide (fig. 1). The eastern and southeastern parts of the 

area are drained by tributaries of the Rio Grande, the 

central and northern parts by the San Juan River and its 

tributaries, and the southwestern part by a tributary of the 

Little Colorado River. The principal streams are listed by 

tributary rank in downstream order in table 1 and are shown 

in figures 2-5.

Because the climate in the study area varies from 

semiarid to humid, the streamflow characteristics vary ac 

cordingly. The lower elevations are semiarid and subhumid; 

only the highest mountains are in the humid zone.

Except for streams draining the high mountains, stream- 

flow in the study area is highly variable. Flow in most 

channels and washes in the basin is sporadic and results 

from localized, short-duration, high-intensity thunderstorms, 

which occur usually during late spring and summer. The 

channels are normally dry for the remainder of the year. 

Intense rainfall during thunderstorms causes flooding that 

may be of large magnitude but generally local in extent. 

Discharges of several hundred to several thousand cubic feet 

per second from drainages of only a few square miles are not 

uncommon during such floods. Winter storms, in contrast, 

are usually of low intensity and short duration and produce 

little or no runoff.



Table 1. Principal streams in the study area by 
tributary rank and downstream order

Rio Grande Basin 
Rio Chama

Rio Chamita 
Rio Brazos 
Willow Creek 
Rio Nutrias 
Rio Cebolla 
Rio Gallina 
Rio Puerco 
Canjilon Creek 

Jemez River
San Antonio Creek 
Guadalupe River 
Rio Salado 

Rio Puerco
Arroyo Chico

Canada Marcelina 
San Isidro Arroyo 
North Fork Arroyo Chico 
Torreon Wash 
San Isidro Wash 
Arroyo Piedra Lumbre 

Rio San Jose
Bluewater Creek

Mitchell Draw
Casamero Draw 

San Mateo Creek
Arroyo de Puerto 

Rio Paguate 
Arroyo Conchas 

Colorado River Basin 
San Juan River 
Rio Blanco 
Navajo River

Amargo Creek 
Piedra River 
Canon Bancos 
La Jara Creek 
Los Pinos River

Vallecito Creek 
Gobernador Canyon 
Canon Largo

Canon de los Ojitos 
Tapicito Creek 
Carrizo Creek

Companero Creek 
Blanco Wash 

Gallegos Canyon 
Animas River

Hermosa Creek 
Florida River



Table 1. Principal streams in the study area by 
tributary rank and downstream order (continued)

Colorado River Basin (Continued) 
San Juan River (Continued)

Farmington Glade 
La Plata River 
Shumway Arroyo 
Chaco River

Fajada Wash 
Escavada Wash

Betonnie Tsosie Wash 
Kimbeto Wash 

Ah-shi-sle-pah Wash 
Kim-me-hi-oli Wash 
De-na-zin Wash 
Indian Creek 
Coyote Wash 
Hunter Wash 
Captain Tom Wash 
Tacito Wash 
Dead Mans Wash 

Shiprock Wash 
Red Wash 
Mancos River

Navajo Wash 
Tsitah Wash 
McElmo Creek

Yellowjacket Canyon 
Montezuma Creek 
Chinle Wash Basin

Lukachukai Wash Basin 
Lukachukai Creek 

Walker Creek
Little Colorado River Basin 

Puerco River
South Fork Puerco River 
Bread Springs Wash 
Whitewater Arroyo 
Black Creek 

Zuni River
Rio Nutria
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FIGURE 2-!ndex to drainage network for San Juan Basi



Puerco River Drafnage
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Rio Grande Drainage

FIGURE 3._Drainage network for San Juan Basin. Part 1



^KILOMETERS San Juan River Drainage above Farmington

FIGURE 4. Drainage network for San Juan Basin, Part 2
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San Juan River Drainage below Farmington

FIGURE 5. Drainage network for San Juan Basin, Part 3



Streams draining the high mountains are much less 

variable than streams draining the rest of the basin; most 

large mountain streams are perennial. Although thunderstorms 

do occur in the high mountains, they are not as intense and 

usually do not produce large floods. Because most precipitation 

falls as snow in winter, the streams draining the mountains 

are characterized by snowmelt runoff, causing low-intensity 

flood peaks followed by long, gradual recessions.

Streamflows in the study area have been monitored by 

the U.S. Geological Survey, in cooperation with the States 

of Arizona, Colorado, New Mexico, and Utah, and various 

Federal agencies and local governments, and are published 

annually (U.S. Geological Survey).

Because surface waters can be transported from areas of 

supply to areas of demand, data for streams outside the San 

Juan Basin are included in this report to present a more 

complete picture of surface-water resources of the region. 

Most of the streamflow records are for large streams, such 

as the Rio Grande or the San Juan River, and their larger 

tributaries. Only in the last few years were data collected 

for the small streams, particularly within the San Juan 

Basin.

13



Mean annual flow, range of annual minimum daily discharge, 

and peak flow characteristics for selected streams are 

presented in table 2. Locations of the gaging stations are 

shown in figures 6-10. Additional streamflow data are 

available from the U.S. Geological Survey, Water Resources 

Division District Offices in Albuquerque, N. Hex., Denver, 

Colo., Salt Lake City, Utah, and Tucson, Ariz.

Because most streams in the San Juan Basin are ephemeral, 

flood peaks are the most important feature of streamflow; 

however, flood data are meager for most of the basin. Therefore, 

maximum observed peak-discharge data for streams in northwest 

New Mexico, which are probably applicable over the entire 

basin, are presented in figure 11. These data carry no 

connotation of probability of occurrence. The envelope 

curve probably represents some large but unknown flood 

recurrence interval. Table 3 presents peak discharges for 

several selected streams in northwest New Mexico for re 

currence intervals of 2 to 50 years, computed using the 

flood-frequency analysis of Scott (1971).

A number of ephemeral lakes and many stock-watering 

ponds occur within the basin. These lakes and ponds are 

generally small (under 50 acres) and widely scattered (4 to 

8 per 10 mi 2), so they should have minimal effect on control 

of small, and no effect on control, of large floods. There

14
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Figure 6.- Index to location of stream-gaging 
stations, ground-water wells, and 
public water-supply systems. This 
figure and the four that follow 
are common to three reports sup 
porting the San Juan Basin Regional 
Uranium Study, and contain more 
information than needed by any one 
of tha reoor s.
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are also a number of small perennial lakes and ponds in the 

high mountains. In addition, several reservoirs within the 

basin, used for irrigation storage, desilting, flood control, 

and recreation include the Navajo Reservoir (1,708,600 acre- 

ft), Heron Reservoir (401,300 acre-ft), El Vado Reservoir 

(196,500 acre-ft), Vallecito Reservoir (126,300 acre-ft), 

Lemon Reservoir (40,100 acre-ft), Bluewater Lake (38,500 

acre-ft), and Jackson Gulch Reservoir (10,000 acre-ft). The 

effects of these reservoirs, lakes, and ponds range from 

complete control to minor regulation of flows on the various 

rivers.
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SURFACE WATER QUALITY

Chemical quality of surface water for most of the study 

area is similar to other waters in arid to semiarid 

regions of the southwestern United States that are underlain 

by Cretaceous and Tertiary sedimentary rocks. Generally, 

surface water in the basin is high in dissolved solids. 

Sodium, bicarbonate, and sulfate are the predominant ions. 

Only streamflow from the high mountains is low in dissolved 

solids.

During the initial part of a flow event, water quality 

is usually poor because accumulations of soluble materials 

on the watershed are flushed downstream. The soluble 

materials originate from weathered soils and rocks, animal 

and plant wastes, and residues from evaporation of saline 

water. After initial flushing, water quality improves 

progressively throughout the flow event, down to the final 

trickles, which are high in dissolved solids in seepage from 

bank storage. Flows during the early part of the storm 

season are generally of poorer quality than those later in 

the season.

Some surface flows are captured in small, natural de 

pressions or behind small dams. This impounded water usu 

ally disappears quickly. Some is consumed by livestock or 

is used to irrigate local plots, but major losses are through 

infiltration and evapotranspiration.
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Chemical-quality changes in water in the ponds or 

reservoirs result primarily from evaporation, which concen 

trates the more soluble constituents and precipitates the 

less soluble constituents. Chemical-quality changes may 

also occur through changes in atmospheric conditions and 

through biological activity. Highly concentrated solutions 

develop during the last stages of evaporation in the lowest 

parts of the reservoirs, and some infiltrate into the sub 

surface. Water of poor quality may enter shallow aquifers 

near these reservoirs or ponds; however, if infiltration 

rates are high in the bed of a reservoir, impounded water of 

fair quality would seep into the aquifers before total 

evaporation, resulting in better quality water being avail 

able to wells.

Water-quality parameters most likely to be impacted by 

the energy-related development are: turbidity (sediment), 

total dissolved solids, dissolved oxygen, biochemical-oxygen 

demand, pH, nitrogen, and the various radiochemicals. A 

change in one parameter may simultaneously produce changes 

in other parameters, due to their interactions. For example, 

an increase in turbidity from increased sediment may produce 

an increase in water temperature and a decrease in dissolved 

oxygen. For an extensive discussion of the complex interrelations 

of all water-quality parameters, refer to McKee and Wolf 

(1963). Hem (1970) discussed the significance of many 

chemical constituents in natural waters.
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Indicators of the overall chemistry of a stream are 

specific-conductance values and dissolved-solids concen 

trations. Generally, the higher the specific-conductance 

and dissolved-solids concentrations, the poorer the quality 

of water. The U.S. Environmental Protection Agency (Nation 

al Academy of Sciences, National Academy of Engineering, 

1974) recommends that the concentration of dissolved solids 

not exceed 500 mg/L in drinking waters, but allows 1,000 

mg/L if better water is not available. Extremes of these 

parameters for streams in the area having short, partial 

records are listed in table 4. More complete chemical- 

quality data collected on a regular basis for several 

streams in the area are listed in tables 5 and 6.

Radiochemical constituent concentrations are fairly low 

in most of the natural streamflow in the basin; however, 

because of the relatively high level of uranium occurring in 

the basin, the concentrations are higher than those outside 

the basin. Comparison of radiochemical concentrations for 

Vallecito Creek with those of Chaco Wash shows the difference. 

Vallecito Creek always meets the drinking-water standards 

(National Academy of Sciences, National Academy of Engineering, 

1972), and Chaco Wash sometimes does not. In contrast, 

streams that receive waste water from the uranium mining and 

milling (Rio Paguate, Rio San Jose, and Puerco River) show 

levels of concentrations many times the standard. Radiochemical 

data collected at regular gaging stations are presented in 

table 7. Locations of all station sites are shown in 

figures 7-10.
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Table 7. Radiochemical properties of surface water in northwest New Mexico and southwest Colorado
(for locations of sampling sites see figs, 7-10)

Water 
year Date

Dis
solved 
gross 
alpha 

as 
U-Nat.
(yg/L)

Sus
pended 
gross 
alpha 
as 

U-Nat.
(yg/L)

08313000 Rio

1975

1976

1977

1978

1979

Oct.
Mar.
Nov.
May 
Oct.
Apr. 
Oct.
Nov.
Apr. 
Oct.

23
12
6

5 
6
5 
5
2
5 
12

17
15
3.0
5.1 
5.8

18 
<4.7
4.5

10 
6.9

08329000

8.7
10
12
64 
4.9
5.5 

12
1.4
9.4 
.7

Dis
solved 
gross 
beta 
as 

CS-137 
(pCi/L)

Grande at

__
--

5.5
4.1 
4.9
4.4 
4.9
4.4
4.3 
4.3

Jemez River below

Sus
pended 
gross 
beta 
as 

CS-137 
(pCi/L)

Dis
solved 
gross 
beta 

as SR90 
/Y90 

(pCi/L)

Otowi Bridge, New

__
--
7.8

22 
3.2
4.3 
3.7
2.1
5.3 
.8

5.0
4.9
4.4
3.3
4.0
3.8 
4.1
3.5
3.9
4.0

Jemez Canyon Dam,

Sus
pended 
gross 
beta 

as SR90 
/Y90 

(pCi/L)

Mexico

3.4
6.3
6.2

20 
2.7
3.4 
3.3
1.8
4.7 
.8

New Mexico

Dis 
solved 
RA-226 
(radon 
method) 
(pCi/L)

--
0.06
.04 
.60
.09 
.11
.15
.08 
.05

Dis 
solved 

uranium 
(U) 

(yg/L)

--
0.90

4.2
3.4 
1.8
3.4
4.3 
3.4

1975

1977

1977
1978

1977

1971
1972
1973
1974

1975
1976
1977
1978

1972

1973

1974

1978

1975
1978

Dec. 23

08343500 Rio San Jose near Grants, New Mexico

Jan. 21 17 <.4 13 1.2 

08349800 Rio Paguate below Jackpile Mine near

Jan. 24 
Apr. 18

Jan. 24

10 1.1 

Laguna, New Mexico

120 150 20 56 17 47 
77 28 23 16 22 16

08350500 Rio San Jose near Laguna, New Mexico

140 6.0 21 30 16 24

09352900 Vallecito Creek near Bayfield, Colorado

Oct. 8
Oct. 6
Nov. 8
Oct. 4
Aug . 2 8
Sept. 30
Sept. 21
Sept. 27
Sept. 26

1.0
1.3

. 7
1.7
1.5
.8

1.1
.6

< . 5

< .4
< .4
< .4
< .4
< .4
< .4
< .4
< .4
< .4

09364500 Animas

Nov. 16
May 24
Jan. 4
May 1
Oct. 30
Apr. 2
Feb. 24

Dec. 18
May 25
Aug. 17

14
4.3

< 7.4
6.4

12
7.7

< 5.3

09367561

< 89
< 29
< 61

61
13
2.6

25
< .4
12
7.1

Shumway

2.4
99
2.5 <

2.2
2.2
2.3
2.0
1.9
1.7
1.4
2.7
.9

River

5.2
4.2
6.2
4.0
5.1
7.3
4.2

Arroyo

65
12
22

< .4
< .4
< .4
< .4
< .4
< .4
< .4
< .4
< .4

at Farmington,

43
8.1
2.1

26
.6

18
3.7

near Waterflow

1.1
67
1.0 <

1.8
1.8
1.9
1.6
1.5
1.4
1.1
2.2
.8

New

4.1
3.4
5.7
3.2
4.2
6.1
--

, New

55
 

20

< .4
< .4
< .4
< .4
< .4
< .4
< .4
< .4
< .4

Mexico

34
6.4
1.7

22
.5

15
--

Mexico

.9
 
1.1

17

10

1.7 
3.2

.11

09
04
05
04
07
06
06
11
06

0.09 
.08 
.06 
.10 
.08 
.08 
.14

.11 

.19 

.06

4.1

72
78

91

.46 

.40 

.40 

.41 

.37 

.4 

.4 

.38 
< .4

2.2 
1.2 
2.2 
1.4 
3.1 
2.1 
1.6

12
1.1



Table 7. Radiochemical properties of surface water in northwest New Mexico and southwest Colorado (Continued)

Water 
year Date

Dis- Sus- 
solved pended 
gross gross 
alpha alpha 
as as 

U-Nat. U-Nat. 
(yg/L) (yg/L)

09367680 Chaco

1977

1978

Feb. 14
Feb. 17
.Mar. 9
July 16
Feb. 8
May 7
Aug . 3 0

4.
7.
8.

17
7.
7.
5.

4
4
0

12
1 1
8
2

09367685

1978 Feb. 8 <6. 2

Wash

350
19

120
,000
,800
510
890

Dis- Sus- 
solved pended 
gross gross 
beta beta 
as as 

CS-137 CS-137 
(pCi/L) (pCi/L)

at Chaco Canyon

3
3
4

13
5
5
6

.8

.4

.9
3,

.4

.9

.6

Ah-shi-sle-pah Wash

880

09367930 Hunter

1975
1976

Sept. 4
Sept. 28

11
81

2 ,100
470

09368000 San

1970

1971

1972

1973

1974

1975
1976

1977
1978

1979

Oct. 15
Nov. 19
Dec. 10
Jan. 13
Feb. 10
Mar. 10
Apr. 14
May 12
June 9
July 14
Oct. 14
Jan. 21
Apr. 20
Nov. 16
Apr. 18
Aug . 3 0
Oct. 25
Nov. 29
May 2
Oct. 30
Apr. 3
Sept. 26
Mar. 12
Nov. 12
May 19
Oct. 27
Oct. 19
May 24
Oct. 18

__
--
 
 
 
--
 
--
--
 
--
--
 

13
12
<6.
8.
9.
7.
6.
5.

16
8.

14
<6.
15
<6.
3.

<8.

7
0
2
0
3
6

3

6

9
0
3

__
--
 
--
 
 
--
 
--
--
--
--
 
170

2.
470
460
13

110
1.
4.

290
120
35
43
28
31
18
1.

09395500

1975
1976

1977

Sept. 1
Oct. 16
Apr. 1
May 1
June 1
Oct. 6
Nov. 1
June 13

500
1,200
2,800
1,700
3,500
2,800
2,100
3,400

2

1

1
1

,300
970
,700
950

,100
,400
860
48

14

Wash

8
26

Juan

3
6
3
6
5
2

19
7
6
6
2
3
6
6

7 6
11
8
5
5

5 3
3 5

9
6
6

23
3
7
2

4 4

Puerco

63
140
390
200
160
460
200
200

at Bisti

.5

River at

.0

.0

.0

.0

.0

.0

.0

.2

.0

.0

.2

.3

.8

.0

.4

.7

.0

.7

.0

.4

. 5

.9

.4

.3

.1

.5

River at

1,

1,

Dis 
solved 
gross 
beta 

as SR90 
/Y90 

(pCi/L)

Sus 
pended 
gross 
beta 

as SR90 
/Y90 

(pCi/L)

Dis 
solved Dis- 
RA-226 solved 
(radon uranium 
method) (U)
(pCi/D (ygA)

National Monument, New Mexico

130
8.4

130
100
710
410
460

3.1
2.7
4.4

10
4.8
5.4
6.1

near Kimbeto, New

420

Trading

690
300

Shiprock

17
7.0
6.0
4.0
3.0
5.0
9.0

25
15
7.1
9.6

11
4.2

82
2.9

140
190

9.4
59
1.7
5.7

170
50
19
22
15
16
9.4
2.1

Gallup,

100
540
000
410
520
520
540
330

12

Post, New

6.9
21

100
6.7

110
2,500

620
380
400

Mexico

370

Mexico

550
250

.02

.05

.13

.31

.04

.06

.56

.06

.06

.20

1.2
2.2
2.9
7.8
2.4
7.2
2.3

1.0

3.4
4.0

, New Mexico

_ _

--
 
--
 
--
 
 
--
 
--
--
 
5.5
5.0
8.8
7.1
5.0
4.0
3.0
4.2
7.6
5.2
5.5

19
2.7
6.3
 
4.2

__
--
 
--
 
--
 
--
--
 
--
--
 

67
2.3

120
160

7.5
47
1.5
4.9

140
43
15
19
12
14
--
2.0

.1

.1

.1

.0

.0

.0

.2

.0

.1

.1

.0

.0

.0

.15

.08

.2

.07

.08

.07

.03

.07

.10

.06

.07

.08

.11

.10

.09

.09

2.1
3.2
3.4
4.5
6.2
2.2
5.0
3.4
4.2
3.6
1.0
1.1
1.7
2.9
3.2
2.8
2.2
2.5
1.8
1.4
1.7
2.6
2.3
2.7
1.5
3.1
2.2
1.5
3.7

New Mexico

50
110
310
160
130
390
160
160

850
430
800
330
460
410
480
280

.38

.52

.84

.39

.77

.84

.44

.49

230
610
930

1,500
880

1,200
800

1,600



SEDIMENT

Sediment is fragmented material transported by, sus 

pended in, or deposited by water (fluvial) or air (eolian). 

Only fluvial sediment is discussed in this report. Sediment 

in streamflow is a result of erosional processes.

Sediment yield is primarily dependent upon: (1) Sur- 

ficial geology soil or rock type, decomposition rate of 

geological formations, and, where soil exists, its stability 

or ability to stand against water and wind; (2) climate-- 

temperature extremes and storm frequency, intensity, and 

duration; (3) ground cover--vegetation and land use (cu 

ltivated, grazed, roads, forest, and so forth); and (4) 

upland erosion rills and gullies, landslides, wind erosion, 

and headcutting of streams.

Once sediment reaches a stream channel, its transport 

is dependent upon the hydraulic characteristics of the 

stream and the size distribution of material available for 

transport. The major hydraulic characteristics related to 

sediment transport are width, depth, slope, velocity, resistance 

to flow, temperature, discharge, and concentration of fine 

material.

The streams in the low semiarid and arid parts of the 

basin carry large to exceptionally large sediment loads 

compared with streams in humid areas of the U.S.

46



Highest sediment yields are from areas of badland 

topography, such as the badlands near Bisti Trading Post, 

south of Farmington, New Mexico, where the soils are much 

more easily eroded. The highest concentration of sediment 

in streams occurs during floods, when high flow energy is 

available to collect and transport sediment.

One indicator of sediment movement from a drainage area 

is the amount of suspended sediment in the stream. Sus 

pended-sediment concentrations and discharges for streams 

where only a few instantaneous observations are available 

for the period of record and for selected stations where 

daily values are collected, are listed in tables 8 and 9, 

respectively. Locations of these stations are shown in 

figures 7-10.

Based on 20 years of record, the Rio Puerco near Ber- 

nardo, New Mexico, which drains the southeastern part of the 

San Juan Basin, yields 75 percent of the sediment discharge 

and only 5 percent of the water to Elephant Butte Reservoir. 

The Chaco River and Canon Largo are the major contributors 

of sediment to the San Juan River immediately above Ship- 

rock. By subtracting sediment yields for the San Juan River 

at Bloomfield and the Animas River at Farmington from the 

Shiprock records, average sediment yield for the Chaco River 

and several smaller arroyos can be approximated at 2,880,000 

ton/yr, or 0.38 acre-ft/mi2 /yr for the 4,350 mi2 of the 

Chaco basin. Data from stations operated on Arroyo Chico at

47
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its mouth and the Rio San Jose at Correo show ̂ average sediment
o

yields of 1.3 and 0.15 acre-ft/mi /yr, respectively. 

Because some areas within these basins have low sediment 

yields and local deposition, yield from other areas must be 

excessive. For example, sediment yield for Hunter Wash near 

Bisti Trading Post, which includes a badlands area, is about 

2.0 acre-ft/mi^/yr (1 year of record). Fragmentary data 

from a small tributary to Hunter Wash indicate that the 

badlands area yields possibly 10 times more water and 10 to 

100 times more sediment from sheet erosion alone, than does 

the silty soil in the northern and eastern parts of Hunter 

Wash. Sediment yield (from less than 7 in. annual precipi 

tation and less than 1 in. for any one storm event) from the 

badlands area of Hunter Wash is about 4.5 acre-ft/mi^/yr. 

Showen (1970) estimated sediment yields ranging from 

0.05 to 3.0 acre-ft/mi^/yr for the Chaco drainage near 

Star Lake. The lower yields are from drainages with no 

incised channel and good vegetal cover (for the San Juan 

Basin). Higher yields are from badlands that are comprised 

of clay and decomposed shale. Sediment yield that originates 

from other than headcuts or erosion of incised channels or 

badlands is probably less than 0.2 acre-ft/mi^/yr. 

Silty, unstable soils and rugged topography create a con 

dition sensitive to erosion from headcutting. Headcuts and 

incised channel degradation are difficult to evaluate but
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can produce sediment yields much greater than other parts of 

a drainage basin. Flow in an active channel involving a 

headcut may reach its sediment-transport capacity in a 

relatively short distance, sometimes within the headcut 

itself. Then, as channel slope decreases downstream, car 

rying capacity of the flow decreases and deposition occurs, 

which further decreases slope and carrying capacity. The 

downstream incised channel fills with sediment and forms a 

braided channel, which widens into a swale having no defined 

channel, as the headcut moves up the drainage basin. This 

type of sediment moves in steps and, after a long period, 

reaches a major perennial stream, such as the San Juan 

River.

In the arid to semiarid part of the basin a very fine 

clay commonly remains in suspension down to the last bit of 

streamflow. These fine clays may affect the chemical quality 

of the water, particularly in the ephemeral streams, through 

ion exchange on the clay surfaces.
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